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Excess volumes (VE) of binary liquid mixtures of
phenol, o-chlorophenol, p-chlorophenol, o-cresol and
p-cresol with THF and cyclohexanone have been
measured at 30-0° ±O-Ol °C. The data have been used
to postulate (i) break-up of hydrogen bonds present in
the polymers of phenols and (ii) formation of new
hydrogen bonds between the molecules of phenols and
the common components, THF and cyclohexanone.
The experimental values of VE have also been used to
understand the influence of substituents on the strength
of hydrogen bonds between the unlike components and
also the relative basicities of THF and cyclohexanone,
THERE appears to be no satisfactory statistical
theory, which deals with strong orientation
effects introduced by hydrogen bonding from which
one may deduce excess volumes of mixtures.
However, Barker et al.1 have presented a treatment
based on lattice model for the calculation of excess
free energy and excess heat of mixing, The
excess volumes of binary liquid mixtures may be
employed to understand, (a) the departure of a real
mixture from ideal behaviour and (b) the nature
of interaction between the moleculesof components.
In the present work excess volumes of mixing of
phenol 0- & p-chlorophenols, and 0- and p-cresols
with THF and cyclohexanone have been measured
and the results have been used to study the struc-
ture breaking and structure making effects of the
solvents THF and cyclohexanone. An attempt
has also been made to ascribe the differencesin excess
volumes to the electrical effects of substituents in
the phenols and the differences in the basicites of
THF and cyclohexanone,
Measurement of excess volumes of mixing - The
excess volumes were obtained from the densities of
mixtures and pure liquids determined with the aid
of a double stem pycnometer". The density data
obtained at 30° ± 0-01 °C were corrected for buoyancy
and residual vapours and were reproducible with
± 0-0001_ The excess volumes are accurate to ± 0-02
cm3/mole_
Purification of materials - Phenol, o-chlorophenol,
p-chlorophenol, o-cresol, p-cresol, THF and cyclo-
hexanone were purified by the methods described
by Weissbergers. Their purity was checked by
NOT.ES
TABLE 1 - EXCESS VOLUMES OF MIXING OF THE PHENOLS'
WITH THF AND CYCLOHEXANONE AT 30°C
Mole fr. Density VE
(XAJ glml ems mole?
PHENOL+THF
0-1037 1-0568 -0-78
0-2383 1-0331 -0-85
0-3127 1-0207 -0-95
0-4088 1-0056 -1-32
0-5299 0-9836 -1'27
0-6385 0-9615 -1'26
0-7250 0-9429 -1-03
0-8356 0-9178 -0-75
0-8991 0'8766 -0-51
O-CHLOROPHENOL + THF
0-1226 1-2242 -0-86
0-2376 1-1946 -1-48
0-3405 1-1635 -1-79
0-4372 1-1298 -1-83
0-5006 1-1108 -2-20
0-6511 1-0538 -2-27
0-7414 1-0135 -2-00
0-8344 0·9661 -1-34
0-9158 0-9221 -0-61
P-CRESOL + THF
0-0829 1-0194 -0-24
0-2016 1-0083 -0-62
0-3017 0-9981 -0-89
0-4042 0-9858 -1-06
0-5030 0-9723 -1-14
0-6025 0-9561 .,..1-02
0-6963 0·9397 -0·87
0-8015 0-9215 -0-71
0-9014 0-8999 -0-45
O-CRESOL+THF
0-0859 1-0298 -0-20
0-1988 1-0178 ~0-67
0-3004 1-0068 -0-86
0-3974 0-9936 -1-04-
0-5015 0'9783 -1-20
0-6019 0·9612 -1-05
0-6972 0-9442 -0-9/)
0-7991 0-9242 -0-81
0-9026 0'9010 -0-47
P-DiLOROPHENOL+ THF
0-1134 1-2367 -0-24-
0-1989 1-2108 -0-48
0-2973 1-1790 -0-72
0-3941 1-1460 -0-93
0-4959 1-1091 -1-09
0-5966 1-0704 -1-23
0-7021 1-0266 -1-26
0-8008 0-9799 -0-96
0-8916 0·9336 -0-53
PHENOL + CYCLOHEXANONE
0-0979 1-0543 -0-27
0-1989 1-0408 -0-37
0-3003 1-0275 -0-45
0-3456 1-0211 -0-44
0-4810 1-0041 -0-52
0-5891 0-9900 -0-49
0-6997 0-9756 -0-40
0-7916 0-9639 -0-31
0-9121 0-9488 -0-18
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TABLE 1 - EXCESS VOLUMESOF MIXING OF THE PHENOLS TABLE 2 - VALUES OF VE FOR THE DIFFERENT SYSTEMS
WITH THF -ANDCYCLOHEXANONEAT 3QoC- Contd OBTAINEDFROMTHE PLOTSOF VE VERSUSMOLEFRACTION
Mole fro
(XA)-
Density
g/ml
O-CHLOROPHENOL+CYCLOHEXANONE
0·1303
0-1787_
0'2974
0'3953
0·4981
0·5977
0-6913
0'7897
0'8950
1,2174
1'2075
1-1712
1·1399
1-1124
1·0746
1'0431
1·0098
0·9742
-0·63
-1-07
-1'26
-1'42
~1'75
-1-12
-1'00
-0,62
-0'46
P-CRESOL+ CYCLOHEXANONE
0'1458
0'3'449
0·5042
0'6490
0'8511
1'0156
0·9992
0·9852
0'9717
0'9524
-0'18
-0'30
-0·35
-0'29
-0,18
O-GRESOL+CYCLOHEXANONE
0'0868
0'2036
0'2989
0·4190
0·4995
0·5979
0·7013
0·7897
0:8924
1'0300
1·0194
1'0103
1·0001
0·9907
0·9802
0·9695
0'9594
0'9495
-0,10
-0·30
-0·29
-0·46
-0·49
-0·27
-0·23
-0,09
-0·14
P-GHLOROPHENOL+ CYCLOHEXANONE
0'1658
0'3502
0-5041
0'6480
0'8365
1'2138
1-1529
1-1025
1'0555
0·9924
-0,05
-0'11
-0'21
-0·28
-:-0'20
comparing the measured densities and boiling points
with those reported in the literatures.
The excess volume data (VE) of the five binary
mixtures of phenolswith THF (Table 1) are negative
over the entire range of composition. The negative
values of VE may be ascribed to two opposing
contributions: (i) expansion in volume due to break
up of hydrogen bonds present in phenol polymers
on the addition of THF and (ii) contraction in volume
due to the formation. of new hydrogen bridges
between monomers of phenols and THF and/or due
to some physical factors. The observed negative
values of VE indicate that the latter contribution
outweighs the former in all the mixtures. The
contention that hydrogen bonds would be formed
between unlike molecules is supported by the IR
data reported by Kastha et at.5• These workers
observed a shift in the vOH of phenols in the
presence of THF.
The negative excess volumes in equimolar mix-
tures of phenols with THF, obtained from VE
versus - mole fraction plots (Table 2) fall in
the order: a-chlorophenol >phenol >a-cresol >
p-cresol > p-chlorophenol. This order may explained
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Mixture VE
ems mole'?
THF + phenol
THF + p-chlorophenol
THF + o-chlorophenol
THF + o-cresol
THF + p-cresol
Cyclohexanone + phenol
Cyclohexanone + o-chlorophenol
Cyclohexanone + p-chlorophenol
Cyclohexanone + o-cresol
Cyclohexanone + p-cresol
-1·36
-2'20
-1·10
-1·20
-1-12
-0,51
-1-32
-0·21
-0,48
-0'34
on the basis of (a) inductive and mesomeric effects
of the substituents on the electron density of
oxygen in phenolic-OH group and (b) the presence
of intramolecular hydrogen bond in a-chlorophenol.
It is now known that the inductive effect of chloro
group in o-chlorophenol outweighs its mesomeric
effects and hence OH group in a-chlorophenol is
polarized to a greater degree than that in unsub-
stituted phenol. PKa values of a-chlorophenol(8·85)6
and phenol (9·89)7support the aforesaid statement.
Consequently the hydrogen bridges formed between
the monomers of a-chlorophenol and THF would
be stronger than those formed between phenol and
THF. Formation of such strong hydrogen bonds
should produce contraction in volume greater in
magnitude than that in the system of THF + phenol.
Further, addition of THF to a-chlorophenol would
break a large proportion of intramolecular hydrogen
bonds, formed between OH and chloro groups within
the molecule. As a result the proportion of
monomers of a-chlorophenol entering into hydrogen
bond formation with THF would be greater than
that of monomers - of phenols. Thus both the
inductive effect of o-chloro group and the large con-
centration of aggregates formed between the unlike
molecules would be expected to produce greater
contraction in volume in THF + a-chlorophenol
system than in THF + phenol. The observed
values ?f VE for the two equimolar mixtures are,
hence, III order.
As in o-chlorophenol,the chloro group in p-chloro-
phenol, due to its strong inductive effect, would be
expected to polarize OHgroup to a greater degee
as compared to that in phenol. Hence, hydrogen
bonds formed between molecules of THF and
p-chlorophenol would be stronger than those formed
between THF and phenol. However, the monomers
of p-chlorophenol will be smaller than those of
phenol as the hydrogen bonds in the polymers of
p-chlorophenol would be stronger than those in the
polymers. Consequently the negative volume
changes in THF + p-chlorophenol system due to
concentration of aggregates formed between unlike
molecules would be smaller. The experimental
values of VB are in agreement with the above con-
tention. .
In the two cresols, the methyl group reduces the
polarity of OH group by releasing the electrons due
NOTES
to inductive effect. Therefore,- though the con-
centration of aggregates formed between unlike
molecules in these two systems may be equal to
the corresponding units in THF + phenol sys-
tem, the strength of hydrogen bridges in the
latter system would be greater than those in mix-
tures of the two cresols with THF. Such differ-
ences in the strength of hydrogen bonds would
be 'expected to produce smaller contraction in
volume in the mixtures of eresols with THF.
The observed values of VE support the above
reasoning.
The excess volumes of the five binary mixtures
of phenols with cyclohexanone (Table 1) show that
VE values are negative over the whole range of com-
position. These excess volumes indicate that the
breakup of hydrogen bonds in phenol polymers is
accompanied by hydrogen bond association between
cyclohexanone and phenols, and that hydrogen
bond association between the unlike molecules are
stronger than those in phenol polymers. This con-
clusion lends support to the postulates employed
to interpret the VE data of mixing of phenols with
THF. The IR data reported by Singurel et al.8
support the postulate that hydrogen bonds are
formed between molecules of phenols and cycle-
hexanone.
The values of VE in equimolar mixtures (Table 2)
fall in the order: o-chlorophenol> phenol> a-cresol
> p-cresol > p-chlorophenol. The order is similar
to that observed in mixtures of THF with the
five phenols. This shows that the individual
phenols behave identically in solvents containing
donor oxygen atoms. However, the negative VE of
the mixtures of phenols with cyclohexanone are
smaller than those observed in the mixtures of
phenols with THF (Table 2). This difference
shows that cyclohexanone is a weaker donor
than THF. This conclusion is supported by the
IR data reported by Singurel et al.8 and Sellier
et al.9• According to the first group of workers the
shift \lOH of phenol in cyclohexanone is 238
crrr" while the second group of workers reported
a value of 285 crrr? for the "OH of phenol in
THF. The smaller value in the former case shows
that cyc1ohexanone is a weaker electron donor
than THF.
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The velocities of ultrasonic waves in the solutions of
p- and o-hydroxybenzoic acids in dioxan and in those
of benzoic acid in benzene for several concentra-
tions are measured and their adiabatic compressibi-
tities calculated. The compressibillties for the
solutions of p-, o-hydroxybenzoic acids in dioxan show
initially a decrease with increase of concentration,
attain a minimum value and then show an increase
whereas for the solution of benzoic acid in benzene,
the compressibility shows an increase with increase in
[benzoic acid]. These results indicate that there is a
formation of intermolecular hydrogen bonds between
the p-, and o-hydroxybenzoic acid and dioxan mote-
cules whereas for the solution of benzoic acid in ben-
zene there is no formation of such: hydrogen bonds>
In addition, the compressibility is lowered to a greater
extent in the solutions of p-hydroxybenzoic acid in
dioxan, than for the solutions of o-hydroxybenzolc acid
in dioxan, thereby indicating that the intermolecular,
hydrogen bonds formed are stronger in the former
than in the latter. This is due to the fact- that 0-
hydroxybenzoic acid is a chelated hydrogen bonded
compound whereas p-hydroxybenzoic acid is non-:
chelated. These studies suggest the possibiUty that-
the velocity of - ultrasonic waves may- be used:
as a means to distinguish between the chelated
hydrogen bonded compounds and the rionchelated ones. :
IT was reported- that electric polarization of the
solution of benzoic acid in dioxan increases with
concentration in the range 0·06 to 0·09mole fractions
and that the increase is due to some kind of associa-
tion phenomenon involving .the formation of
hydrogen bonds between benzoic acid and dioxan
molecules. Our recent studies- on the velocity of
ultrasonic waves in the solution of :benzoic -acid in:
dioxan showed that the increase in polarization in
the above concentration range was' due to the
formation of hydrogen bonds between oxygen atom:
of the dioxan molecules and the carboxylic group
of the benzoic acid whose dimer form is' broken by
the dioxan molecules. In would be interesting to
see whether such an effect exists .in the solution of
o-hydroxybenzoicacid in dioxan as o-hydroxybenzoic
acid is a chelated compound involving the formation
of intramolecular hydrogen bonds. Such a chelation
does not occur in p-hydroxybenzoic acid, which is
a position isomer of o-hydroxybenzoic acid and the:
intermolecular hydrogen bond formation in the
solutions of o-hydroxybenzoic acid -and p-hydroxy
benzoic acid in dioxan are likely to be different. - In
this note, the velocities of ultrasonic waves were
measured in solutions of various concentrations of
o-hydroxybenzoic acid in dioxan and p-hydroxyben-
zoic acid in dioxan with a view to studying the
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